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Summary：The emu (Dromaius novaehollandiae) is a ratite native to Australia.  Various products, includ-
ing oils, meat, and eggs, can be obtained from the emu, making it a useful industrial animal.  The genetic 
improvement of the emu is essential for the development of emu farming.  To estimate the genetic diver-
sity of the domestic emu population in Abashiri, we investigated mitochondrial DNA (mtDNA) and micro-
satellite DNA polymorphisms.  The D-loop region of mtDNA was sequenced, and two haplotypes were de-
tected: 15792C/16114G (a-haplotype) and 15792T/16114A (b-haplotype), with respective frequencies of 0.96 
and 0.04.  Therefore, the a-haplotype was overwhelmingly prevalent in the Abashiri population.  Addition-
ally, four microsatellite loci were genotyped, and polymorphism was detected at all markers.  The average 
number of alleles at these markers was 7.25, and the average observed heterozygosity (HO) was 0.52, 
compared to an average expected heterozygosity (HE) of 0.59.  Therefore, we speculated that high genetic 
diversity was maintained in the Abashiri emu population.
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Introduction
　The emu (Dromaius novaehollandiae) is a ratite native 
to Australia that provides oils, meat, and eggs1）.  Emu oil, 
which contains massive amounts of unsaturated fatty ac-
ids, has been especially used in therapeutics2-9） and cos-
metics10）.  In addition to these useful traits, emus possess 
a mild character and adaptation ability, encouraging 
their agriculture in various regions11）.  In the city of 
Abashiri, which is located in eastern Hokkaido, Japan, a 
pair of emus were first introduced from a farm in the 
USA in 1999, and were supplemented by 20 individuals 
from farms of Australia and Japan.  Currently, the popu-
lation of farmed emus in Abashiri is approximately 540 
individuals, which are largely bred as livestock for the 
production of oils, meat, and eggs to stimulate the local 
economy.  Hatching, breeding, and feed conditions have 
previously been investigated to determine the optimal 
conditions for emus in cold regions11-14）.
　However, unlike in other livestock species, scarcely 
any genetic improvement has been conducted in the 
emu.  To improve the productivity of the emu population 
in Abashiri, its genetic structure must be understood. 
Mitochondrial DNA (mtDNA) and microsatellite DNA 
are useful genetic markers for individual identification 
and the determination of parentage in various organisms. 
In this study, we investigated genetic diversity in the 
Abashiri emu population using polymorphisms of the 




　We collected feather samples from 83 chicks hatched 
in 2013 at the emu farm, Okhotsk Emu Land in the city 
of Abashiri.  These 83 individuals may contain sibling and 
consanguinity, because they were produced by random 
mating in the large-scale rearing.
　DNA extraction and sexing
　Genomic DNA was extracted from the feathers using 
DNAzol reagent (Life Technologies, Grand Island, NY). 
Sexing via PCR-RFLP analysis using BglII (New England 
Bio Labs, Ipswich, MA) on the ESEX gene was per-
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formed according to previously described methods15）.
　mtDNA analysis
　We amplified a large mtDNA fragment using KOD FX 
(TOYOBO, Osaka, Japan) with the primers emu_H14335_
LA (5’-ATT TAC ACT CAT ATT TAT CCC TCT CCT 
AAT C-3’) and emu_L4034_LA (5’-GTA ATA GTT GAA 
CCC GTA ATA AGA CTA AGT G-3’), which were de-
signed from a reference sequence (NC_002784)16）.  Ampli-
fication was conducted at 94℃ for 2 min, followed by 40 
cycles of 98℃ for 10 s and 68℃ for 8 min.  The PCR prod-
ucts were separated on 1 % agarose gel and purified using 
the QIAquick Gel Extraction Kit (Qiagen, Valencia, CA). 
DNA sequencing of the D-loop region was performed for 
23 individuals using an Applied Biosystems 3730xl DNA 
Analyzer (Life Technologies) with the following primers: 
emu_L15709 (5’-TAT CAG GCA TGG ACT ACA TTC 
AAT ATA C-3’) and emu_H16416 (5’-GAG GAG GGT 
GGA AAT ACC ATA AC-3’).
　Microsatellite DNA analysis
　DNA samples from 83 individuals were amplified using 
AmpliTaq Gold DNA polymerase (Life Technologies) 
with fluorescence-labeled primers (Dn28, Dn35, Dn06, 
and emu18)17, 18）.  PCR was conducted at 95℃ for 10 min, 
followed by 35 cycles of 94℃ for 30 s, 64℃ for 30 s, and 
72℃ for 1 min.  The PCR products were separated on a 
Beckman CEQ8000 instrument (Beckman Coulter, Fuller-
ton, CA) using a size standard, and the fragment sizes 
were determined using fragment analysis software.  The 
heterozygosities of the four loci, based on the genotype 
data sets obtained from fragment analysis, were estimat-
ed using GenePop 4.219）.
Results and Discussion
　Sexing based on PCR-RFLP analysis identified the 
sexes of all chicks.  The numbers of males and females 
were 48 and 35, respectively, and this ratio was consis-
tent with a theoretical value of 1:1 (P＞0.1).
　We sequenced a 444-bp segment of the D-loop region, 
compared it among 23 individuals, and detected two nucle-
otide substitution sites, at 15,792-nt and 16,114-nt of the 
reference sequence (NC_002784)16）.  Although the 15792C/ 
16114G haplotype (a-haplotype) was found in nearly all 
individuals, the 15792T/16114A haplotype (b-haplotype) 
was detected in one individual, yielding a ratio of 0.96 to 
0.04 (Table 1).
　Consequently, only two haplotypes were detected in the 
Abashiri population, indicating two maternal lineages with 
major (a) and minor (b) haplotypes.  In a previous report, 
four substitution sites were detected in the D-loop for 
emus of this region20）.  Although the majority of Austra-
lian individuals show the a-haplotype, the minor b- 
haplotype has been observed in New Zealand individuals 
and in the ancient species20）.  Therefore, we speculated 
that mtDNA diversity of the emu is generally poor, and 
that the Abashiri population contains two largely diver-
gent maternal lineages derived from both farmed and 
ancient origins.
　We genotyped four microsatellite loci in 83 individuals 
and detected polymorphisms in all of the microsatellite 
markers.  The numbers of alleles in Dn28, Dn35, Dn06, 
and emu18 were six, five, nine, and nine, respectively, 
and the average number of alleles were 7.25.  The frag-
ment sizes of Dn28, Dn35, Dn06, and emu18 were 98-
122, 127-143, 227-381 and 153-175 bp, respectively (Table 
2).  The allele frequencies showed deflection in all mark-
ers except Dn28, and some minor alleles were detected 
in all loci.  The major allele sizes and frequencies of Dn35, 
Dn06, and emu18 were 141 (0.84), 277 (0.51), and 165 bp 
(0.51), respectively.  The observed heterozygosities (HO) 
ranged from 0.02 to 0.78, with an average of 0.52, and the 
expected heterozygosities (HE) ranged from 0.28 to 0.73, 
with an average of 0.59 (Table 2).  Among these markers, 
a remarkable deficiency of heterozygosity was observed 
for Dn35.  We speculated that this result may have been 
caused by the presence of null alleles or by random ge-
netic drift due to taking data from only one generation. 
However, it has previously been reported that the num-
ber of alleles and heterozygosity of Dn28 were poor in a 
Chilean emu population18）.  These results suggest that the 
emu population of each country may have a different ge-
netic composition.  Although slightly lower heterozygosity 
was observed in the Abashiri population compared to 
that of previous studies18, 19）, heterozygosity was over 0.5 
at all loci except Dn35.  Therefore, we speculated that 
high genetic diversity is maintained in the Abashiri emu 
population.  Additionally, the power of discrimination (PD) 
values of Dn28, Dn35, Dn06, and emu18 were 0.87, 0.54, 
0.79, and 0.88, respectively (Table 2).  The high PD values 
of Dn28 and emu18 indicate their usefulness as genetic 
markers for parentage testing of emus.
　This study represents the first report to investigate 
genetic structure in a Japanese emu population.  This ge-
netic information will be useful for the development of 
Table 1　 mtDNA haplotypes observed in the 
Abashiri emu population
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genetic markers to select emu pedigrees with desirable 
productive traits.
Acknowledgements
　We greatly thank Okhotsk Emu Land in Abashiri, Hok-
kaido, Japan for assistance in sample collection.  We also 
thank Dairoku Ishikawa, Toshiki Iwasaki, Yuuki Kay-
amori, Takeru Yoshino, and Hiroya Endo for their help 
in sample collection.  This work was supported by a 
Grant-in-Aid for Focused Study Projects for Graduate 
School from the Tokyo University of Agriculture.
References
1）　Menon DG, Bennett DC, Schaefer AM, Cheng KM (2013) 
Hematological and serum biochemical profile of farm emus 
(Dromaius novaehollandiae) at the onset of their breeding 
season. Poult. Sci. 92 : 935-944.
2）　Snowden JM, Whitehouse MW (1997) Anti-inflammatory ac-
tion of emu oil in rats. Inflammopharmacology 5 : 127-132.
3）　Whitehouse MW, Turner AG, Davis CKC, Roberts MS 
(1998) Emu oil (s) : A source of non-toxic transdermal anti-
inflammatory agents in aboriginal medicine. Inflammo-
pharmacology 6 : 1-8.
4）　Lopez A, Sims DE, Ablett RF, Skinner RE, Léger LW, 
Lariviere CM, Jamieson LA, Martínez-Burnes J, Zawadzka 
GG (1999) Effect of emu oil on auricular inflammation in-
duced with croton oil in mice. Am. J. Vet. Res. 60 : 1558-
1561.
5）　Yoganathan S, Nicolosi R, Wilson T, Handelman G, Scol-
lin P, Tao R, Binford P, Orthoefer F (2003) Antagonism 
of croton oil inflammation by topical emu oil in CD-1 mice. 
Lipids 38 : 603-607.
6）　Qiu XW, Wang JH, Fang XW, Gong ZY, Li ZQ, Yi ZH 
(2005) Anti-inflammatory activity and healing-promoting 
effects of topical application of emu oil on wounds in scald-
ed rats. Di. Yi. Jun. Yi. Da. Xue. Xue. Bao. 25 : 407-410.
7）　Hoqarth GS, Lindsay RJ, Butler RN, Geier MS (2008) Can 
emu oil ameliorate inflammatory disorders affecting the 
gastrointestinal system? Aust. J. Exp. Agric. 48 : 1276-
1279.
8）　Lindsay RJ, Geier MS, Yazbeck R, Butler RN, Howarth 
GS (2010) Orally administered emu oil decreases acute in-
flammation and alters selected small intestinal parameters 
in a rat model of mucositis. Br. J. Nutr. 104 : 513-519.
9）　Abimosleh S, Lindsay RJ, Butler RN, Cummins AG, How-
arth GS (2012) Emu oil increases colonic crypt depth in a 
rat model of ulcerative colitis. Dig. Dis. Sci. 57 : 887-896.
10）　Zemstov A, Gaddis M, Montalvo-Lugo VM (1996) Moistur-
izing and cosmetic properties of emu oil : A pilot double 
blind study. Australas. J. Dermatol. 37 : 159-161.
11）　Inui K, Suzuki T, Takahashi Y, Tsuda K, Nagasawa M, 
Nagashima T, Nakayama T, Schmidt M, Mikami A, 
Yokohama M, Watanabe T (2009) New book for keeping 
emu. Tokyo University of Agriculture Press, pp. 1-125.
12）　Yokohama M, Ide S (2014) Mating and egg laying of the 
emu. J. Agric. Sci., Tokyo Univ. Agric. 59 : 145-49.
13）　Yokohama M, Jinushi H, Imai S, Ikeya K (2014) Effects of 
pairing on egg laying in the emu. J. Agric. Sci., Tokyo 
Univ. Agric. 58 : 229-234.
14）　Yokohama M (2014) Statistical analyses of emu products 
(fat and meat). J. Agric. Sci., Tokyo Univ. Agric. 59 : 39-
43.
15）　Kloet, SRD (2001) : Development of a CAPS (cleaved am-
plified polymorphics sequence) assay for sex identification 
of the emu (Dromaius novaehollandiae). Mol. Ecol. Notes 1 : 
273-275.
16）　Haddrath O, Baker AJ (2001) Complete mitochondrial 
DNA genome sequences of extinct birds : ratite phyloge-
netics and the vicariance biogeography hypothesis. Proc 
Biol Sci. 268 : 939-945.
17）　Hammond EL, Lymbery AJ, Martin GB, Groth D, Wether-
all JD (2002) Microsatellite analysis of genetic diversity in 
wild and farmed Emus (Dromaius novaehollandiae). J. 
Hered. 93 : 376-380.
18）　Yáñez JM, González R, Angulo J, Vidal R, Santos JL, 
Martínez V (2008) Characterization of new microsatellite 
markers derived from sequence databases for the emu 
(Dromaius novaehollandiae). Mol.Ecol.Res. 8 : 1442-1444.
19）　Rousset F (2008) Genepop’007 : a complete reimplementa-
tion of the Genepop software for Windows and Linux. 
Mol. Ecol. Resour. 8 : 103-106.
20）　Heupink TH, Huynen L, Lambert DM (2011) Ancient DNA 
suggests dwarf and 'giant' emu are conspecific. PLoS One. 
6 : e18728.
Table 2　 Number of alleles, allele frequency, and heterozygosity of four microsatellite markers observed in the 
Abashiri emu population









ロサテライト DNA 多型を指標として，網走におけるエミュー集団の遺伝的多様性を調査した。D-loop 領域
の塩基配列を決定し，23 個体間において比較した結果，2 ヶ所の塩基置換サイトが検出され，2 種類のハプ
ロタイプの存在が認められた（a- ハプロタイプ：15792C/16114G および b- ハプロタイプ：15792T/16114A）。
それらの頻度は，それぞれ 0.96 および 0.04 であり，網走集団の多くは a- ハプロタイプに占められていた。
一方，4 座位のマイクロサテライト DNA について 83 個体のジェノタイピングを行った結果，そのすべて
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